Abstract: Production of α-amylase from local isolate, Penicillium chrysogenum, under solid-state fermentation (SSF) was carried out in this study. Different agricultural by-products, such as wheat bran (WB), sunflower oil meal (SOM), and sugar beet oil cake (SBOC), were used as individual substrate for the enzyme production. WB showed the highest enzyme activity (750 U/gds). Combination of WB, SOM, and SBOC (1:3:1 w/w/w) resulted in a higher enzyme yield (845 U/gds) in comparison with the use of the individual substrate. This combination was used as mixed solid substrate for the production of α-amylase from P. chrysogenum by SSF. Fermentation conditions were optimized. Maximum enzyme yield (891 U/gds) was obtained when SSF was carried out using WB + SOM + SBOC (1:3:1 w/w/w), having initial moisture of 75%, inoculum level of 20%, incubation period of 7 days at 30
Introduction
Amylases are among the most important enzymes in present-day biotechnology. The amylase family of enzymes is of great significance due to its wide area of potential application (Pandey et al., 2000a) . The extensive application of amylases in the food industry, such as baking, brewing, preparation of digestive aids, production of chocolate cakes, moist cakes, fruit juices, starch syrups, etc., has paved a way for their largescale commercial production (Pandey et al., 2000b; Ramachandran, et al., 2004a) . Two major classes of amylase have been identified in micro-organism, namely α-amylase and glucoamylase. In addition, β-amylase, which is generally of plant origin, has also been reported from a few microbial sources (Pandey et al., 2000a) .
α-Amylases (EC 3.2.1.1) are extra-cellular endoenzymes that randomly cleave the 1,4-α-D-glucosidic linkages between the adjacent glucose units in a linear amylose chain. α-Amylases are widely used enzymes whose spectrum of applications has widened in many sectors, such as clinical, medicinal and analytical chemistry. Besides their use in starch saccharification, they also find applications in food, baking, brewing, detergent, textile, paper, and distilling industry (Ramachandran et al., 2004b) .
α-Amylases have been produced throughout the world by submerged fermentation; however, this process is cost intensive due to low concentrations of products and the consequent handling and disposal of a large volume of water during down-stream processing (Goes & Sheppard, 1999) . The submerged fermentations of α-amylase using synthetic media have been reported by many workers. The contents of synthetic media are very expensive (Haq et al., 2003) . One alternative low cost production method is the use of solid-state fermentation (SSF). SSFs have been re-assessed as useful system for the production of protein biomass, enzymes and other valuable metabolites, and have found many important applications in the field of biotechnology (Nigam & Singh, 1994) . This approach has recently been used also for the production of α-amylase (Murado et al., 1997; Mandakumar et al., 1999; Mulimani & Ramalingam, 2000; Rahardjo et al., 2005) . SSF holds tremendous potential for the production of enzymes and it can be of special interest in those processes where the crude fermented product may be used directly as enzyme source Sadhi et al., 2005) . SSF has potential advantages over the submerged fermentation with respect to simplicity in operation, high productivity fermentation, less favorable for growth of contaminants and concentrated product formation (Ashokkumar et al., 2001) . SSF is a process whereby an insoluble substrate is fermented with sufficient moisture but without free water. Free water does not appear to be the natural milieu for the majority of microorganisms. Fungal products of biotechnological interest, i.e. enzymes, secondary metabolites and spores, were developed for use in moist solid substrates but not in liquids. In this process, the solid substrate not only supplies the nutrients to the culture but also serves as an anchorage for the microbial cells (Selvekumar et al., 1998; Holler et al" 2004) . Agroindustrial residues are generally considered as the best substrate for the SSF processes and enzyme production in SSF (Ellaiah et al., 2002) . Substrates traditionally used in SSF include rice, wheat, millet, barley, corn and soya bean (Krishna & Chandrasekaren, 1996) . Cost and availability are important considerations and therefore the selection of an appropriate solid substrate plays an important role in the development of efficient SSF processes .
The aim of the present study was to evaluate the feasibility of easily available substrates like wheat bran (WB), sunflower oil meal (SOM), and sugar beet oil cake (SBOC) in SSF for the production of α-amylase by Penicillium chrysogenum, which is a local isolate. These substrates are by-products of wheat flour, sunflower oil and sugar industries, and they are generally used to feed animals and no other application has been founded. In this study, the effects of the different proportions in mixed substrates, moisture levels, inoculum levels, incubation periods, and various carbon and nitrogen sources were investigated.
Material and methods

Microorganism
Penicillium chrysogenum used in the present study was isolated and identified from the air in Edirne city, Turkey by ASAN et al. (2002) .We determined this isolate as a high α-amylase producer, and some of its biochemical properties were investigated in a previous paper by submerged fermentation (BALKAN & ERTAN, 2005) . It was maintained at potato dextrose agar slants at 4
Substrates Different agricultural by-products, such as WB, SOM, SBOC, were used as substrate. They were obtained from the local wheat flour, sunflower oil and sugar factories.
Preparation of substrate and inoculum
Individual substrates in the various proportions were weighed into a 250 mL Erlenmeyer flask. The solid substrates were moistened with acetate buffer (pH 5.0; 0.1 M). The content at the flasks were mixed thoroughly and autoclaved at 121
• C for 20 min. Dry weight of the solid substrates was determined by drying them at 80
• C for 24 h. Ten mL of sterile distilled water containing 0.1% Tween-80 were transferred to a sporulated (7-day old) PDA slant culture. The spores were dislodged using the inoculation needle under aseptic conditions and the suspension, with appropriate dilution, was used as inoculum. Each mL of spore suspension contained about 5 × 10 6 spores.
Solid state fermentation
The sterilized solid substrates were inoculated with the prepared inoculum. The contents were mixed thoroughly and incubated at 30
• C. Samples as whole flasks in duplicate were withdrawn after the required time for incubation.
Enzyme extraction
The fermented substrates were mixed thoroughly with acetate buffer (pH 5.0; 0.1 M) containing 0.1% Tween-80, to a total extract volume amount of 60 mL. Contents were mixed by shaking for one hour at 30
• C on a rotary shaker at 200 rpm. Then fermented substrates were filtered and filtrate was used as the crude enzyme.
Enzyme assay Soluble starch (1%) was dissolved in boiling 0.1 M acetate buffer pH 5.0 and then cooled to 30
• C. Fresh iodine reagent was prepared by diluting 1.0 mL of stock solution (0.5% I2 in 5.0% KI) into 500 mL of distilled water containing 5.0 mL of 5 N HCl . For the assay, the reaction mixture consisting of 0.1 mL of enzyme and 0.2 mL of soluble starch were incubated at 30
• C for 5 min. The reaction was stopped by adding 5.0 mL of iodine reagent. The absorbance was measured at 620 nm against at a blank (ABOU-ZEID, 1997). One unit of the α-amylase activity was defined as the amount of enzyme that hydrolyses 0.1 mg of starch, per min, under the assay conditions while the enzyme productivity has been expressed as U/g of dry substrate (U/gds). All values given are averages of three determinations.
Effect of various solid substrates
The effect of solid substrates (WB, SOM and SBOC) in SSF for the α-amylase from P. chrysogenum production was studied using a variety of solid substrates and their various mixed combinations.
Optimization of process parameters
Various initial moisture contents (45, 55, 65, 75 and 80%) of mixed solid substrates (before autoclaving) were adjusted with acetate buffer (pH 5.0; 0.1M).The effect of the levels of inoculum on α-amylase production was studied by using various inoculum levels (10, 15, 20 and 25%) . Different incubation periods (1-7 days) were employed to study their effect on the α-amylase production from P. chrysogenum.
Effect of various supplements
The effects of various supplements on the α-amylase production were tested by adding carbon sources (1% (w/w) of dry substrate), such as glucose, sucrose, maltose, galactose or starch, and nitrogen sources, such as urea, peptone, ammonium sulfate, ammonium nitrate or sodium nitrate (1% (w/w) of dry substrate).
Results and discussion
α-Amylases constitute the family of endo-amylases that randomly cleave the 1,4-α-D-glucosidic linkages. There are two varieties of endoamylases: thermostable and thermolabile. The thermostable α-amylases are mainly of bacterial in origin. The other group of endo-amylases, thermolabile α-amylases, is derived mainly from fungal sources. In the starch industry, these enzymes are used in the saccharrification process. Products of this reaction are mainly maltose and maltotriose, and thermolabile α-amylases are hence referred to as maltogenic in their action (Guzman-Maldonado & ParedesLopes, 1995).
Many reports on SSF have been published in recent years supporting the application of SSF in upgrading agricultural by-products and in the production of finechemicals and enzymes (Smits et al., 1996; Gombert et al., 1999) . Industrially important enzymes including amylases have traditionally been obtained from submerged cultures because of ease of handling and greater control of environmental factors, such as temperature and pH. SSF constitutes an interesting alternative since the metabolites so produced are concentrated and purification procedures are less costly (Soni et al., 2003) . There are several factors, which affect the SSF processes. Among these, selection of a suitable strain, substrate and selection of process parameters are crucial (Pandey et al., 2000b; Sodhi et al., 2005) .
Three different agricultural by-products -WB, SOM and SBOC were first tested for the production of α-amylase from P.chrysogenum as separate substrates. Among them, WB was found to be the best substrate for the production of α-amylase (750 U/gds).
Then, the effect of mixed substrate on the α-amylase production was investigated. These studies were made to evaluate the mixed substrate fermentation using WB, SOM and SBOC in different ratios (1:1:1; 1:2:1; 1:3:1; 1:4:1; 1:1:2; 1:1:3; 1:1:4; 2:1:1; 3:1:1 and 4:1:1, w/w/w of dry substrate). The maximum the α-amylase production (845 U/gds) was obtained at 1:3:1 ratio mixed substrate (Fig. 1) . Therefore, in further studies this mixed substrate was used. SSF was carried out at 30
• C with initial moisture content of 65% for 7 days using 20% inoculum level.
The effect of initial moisture of the mixed substrate was investigated by carrying out mixed SSF at different levels of moisture (45-85% w/w). The optimal moisture level has been determined to be 75% for the α-amylase production by P. chrysogenum. The maximum yield was found as 891 U/gds (Fig. 2) . The critical importance of moisture level in SSF and its effect on production and secretion of enzyme can be attributed to the interference of moisture in the physical properties of the solid substrates. Increase in moisture level is believed to reduce the porosity of the solid particles, thus limiting the oxygen transfer. The low moisture content causes reduction in the solubility of nutrients of the substrate and low degree of swelling (Ellaiah et al., 2002) .
As shown in Figure 3 , optimum inoculum level was 20% for the α-amylase production by P. chrysogenum under mixed substrate fermentation. With the increase in inoculum level, there was a gradual increase in the production of enzyme. An increase in inoculum level generally improves the growth and growth-related activities of the organism up to a certain level. With further increase in inoculum level there could be a reduction in microbial activity due to nutrient limitations. Lower inoculum level results in a lesser number of cells in the production medium. These require a longer time to grow to optimum number to utilize the sub- strate and form the desired product (Kashyap et al., 2002) . The effect of incubation period is presented in Figure 4 . Maximum α-amylase production (839 U/gds) was observed at 7 th days for P. chrysogenum. Carlsen et al. (1996) have also observed that the specific α-amylase production was closely coupled to the growth of fungus with a low α-amylase production rate at low specific growth rates, suggesting that growth of the mycelium is crucial for high production of extra-cellular protein.
Various carbon sources, such as glucose, sucrose, maltose, galactose and starch were added separately to the mixed solid substrate at 1% (w/w) and their effects on the α-amylase production were investigated. Among them, only galactose had positive influence since the maximum enzyme yield (944 U/gds) was determined in this medium (Table 1) . Glucose had no impact on enzyme production while the other carbon sources exhibited repressive effect.
The effects of different nitrogen sources (urea, peptone, ammonium sulfate, ammonium nitrate and sodium nitrate; 1% w/w) were investigated. Among them, urea and peptone caused an increase in the yield of enzyme. Enzyme activities were 996 U/gds and 926 U/gds, respectively. Control activity was 891 U/gds (Table 1) . The other nitrogen sources inhibited the enzyme production. Urea was the best nitrogen source for the α-amylase by P. chrysogenum under SSF.
The present study showed that WB was the best solid substrate for the α-amylase production by P. chrysogenum when it was separately added to the medium (activity 750 U/gds). WB, SOM and SBOC were combined for the production of α-amylase and they were used as mixed substrate. This mixed substrate caused the increase in the yield of the enzyme at 1:3:1 (w/w/w) ratio (845 U/gds). Mixed SSF conditions were optimized. Optimum conditions for the α-amylase production by P. chrysogenum under mixed SSF were found to be initial moisture content of 75%, inoculum level of 20%, incubation period of 7 days at 30
• C. The maximum enzyme activity was 891 U/gds under these optimum conditions. Galactose (1% w/w), urea and peptone (1% w/w), as additives, increased the enzyme activity (activities: 944 U/gds, 996 U/gds and 926 U/gds, respectively).
Based on the results of this study it is concluded that the combination of WB, SOM and SBOC, as solid substrates, could be used for the production of α-amylase from P. chrysogenum in SSF. These substances are inexpensive, easy available and suitable for the commercial production of enzyme. However, the present study was entirely a laboratory-scale study, and it has to be further improved for a large-scale SSF.
